Wave-amplitude synthesis applied to Gaussian-beam scattering by an off-axis sphere.
Electromagnetic scattering of a Gaussian beam by an off-axis dielectric sphere is treated by the sum-of-waves formulation, which is inherent in Lorenz-Mie theory. Each "wave" is a spherical eigenvector, defined in the natural frame of the scatterer, and the coefficient of that wave is the "wave amplitude." Decomposition of the beam into homogeneous plane waves lays the ground for a synthesis of the wave amplitudes, which is done by an integration over the polar angle that defines the direction of propagation of the plane-wave constituents of the beam. Concise analytical results are developed for (a) the electric-field intensity in every part of space, (b) the bistatic and monostatic radar cross sections of the scatterer, and (c) the power extracted from the beam by scattering and absorption. Numerical calculations are made for a spherical glycerol droplet of radius 1.5 μm that is excited by an adjacent, infrared, Gaussian beam of wavelength 1.1424 μm and spot size 2 μm. The numerical application manifests (a) how the beam is coupled with the droplet and (b) the effect of the droplet on the power intercepted by a receiver-end fiber placed on the beam axis, beyond the focal plane. Comparisons to numerical results obtained by a finite-element method software (a) validate the sum-of-waves theory, (b) evaluate the performance of the code implementing that theory, and, succinctly,